Observation of Lambda(+)(c) -&gt; nK(S)(0)pi(+) by Haddadi, Z. et al.
  
 University of Groningen
Observation of Lambda(+)(c) -> nK(S)(0)pi(+)
Haddadi, Z.; Kalantar-Nayestanaki, N.; Kavatsyuk, M.; Löhner, H.; Messchendorp, J. G.;





IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
2017
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Haddadi, Z., Kalantar-Nayestanaki, N., Kavatsyuk, M., Löhner, H., Messchendorp, J. G., Tiemens, M., &
BESIII Collaboration (2017). Observation of Lambda(+)(c) -> nK(S)(0)pi(+). Physical Review Letters,
118(11), [112001]. https://doi.org/10.1103/PhysRevLett.118.112001
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.
Download date: 12-11-2019
Observation of Λþc → nK0Sπ
þ
M. Ablikim,1 M. N. Achasov,9,e S. Ahmed,14 X. C. Ai,1 O. Albayrak,5 M. Albrecht,4 D. J. Ambrose,44 A. Amoroso,49a,49c
F. F. An,1 Q. An,46,a J. Z. Bai,1 O. Bakina,23 R. Baldini Ferroli,20a Y. Ban,31 D.W. Bennett,19 J. V. Bennett,5 N. Berger,22
M. Bertani,20a D. Bettoni,21a J. M. Bian,43 F. Bianchi,49a,49c E. Boger,23,c I. Boyko,23 R. A. Briere,5 H. Cai,51 X. Cai,1,a
O. Cakir,40a A. Calcaterra,20a G. F. Cao,1 S. A. Cetin,40b J. F. Chang,1,a G. Chelkov,23,c,d G. Chen,1 H. S. Chen,1 J. C. Chen,1
M. L. Chen,1,a S. Chen,41 S. J. Chen,29 X. Chen,1,a X. R. Chen,26 Y. B. Chen,1,a X. K. Chu,31 G. Cibinetto,21a H. L. Dai,1,a
J. P. Dai,34 A. Dbeyssi,14 D. Dedovich,23 Z. Y. Deng,1 A. Denig,22 I. Denysenko,23 M. Destefanis,49a,49c F. De Mori,49a,49c
Y. Ding,27 C. Dong,30 J. Dong,1,a L. Y. Dong,1 M. Y. Dong,1,a Z. L. Dou,29 S. X. Du,53 P. F. Duan,1 J. Z. Fan,39 J. Fang,1,a
S. S. Fang,1 X. Fang,46,a Y. Fang,1 R. Farinelli,21a,21b L. Fava,49b,49c F. Feldbauer,22 G. Felici,20a C. Q. Feng,46,a
E. Fioravanti,21a M. Fritsch,14,22 C. D. Fu,1 Q. Gao,1 X. L. Gao,46,a Y. Gao,39 Z. Gao,46,a I. Garzia,21a K. Goetzen,10
L. Gong,30 W. X. Gong,1,a W. Gradl,22 M. Greco,49a,49c M. H. Gu,1,a Y. T. Gu,12 Y. H. Guan,1 A. Q. Guo,1 L. B. Guo,28
R. P. Guo,1 Y. Guo,1 Y. P. Guo,22 Z. Haddadi,25 A. Hafner,22 S. Han,51 X. Q. Hao,15 F. A. Harris,42 K. L. He,1
F. H. Heinsius,4 T. Held,4 Y. K. Heng,1,a T. Holtmann,4 Z. L. Hou,1 C. Hu,28 H. M. Hu,1 J. F. Hu,49a,49c T. Hu,1,a Y. Hu,1
G. S. Huang,46,a J. S. Huang,15 X. T. Huang,33 X. Z. Huang,29 Z. L. Huang,27 T. Hussain,48 W. Ikegami Andersson,50 Q. Ji,1
Q. P. Ji,15 X. B. Ji,1 X. L. Ji,1,a L. W. Jiang,51 X. S. Jiang,1,a X. Y. Jiang,30 J. B. Jiao,33 Z. Jiao,17 D. P. Jin,1,a S. Jin,1
T. Johansson,50 A. Julin,43 N. Kalantar-Nayestanaki,25 X. L. Kang,1 X. S. Kang,30 M. Kavatsyuk,25 B. C. Ke,5 P. Kiese,22
R. Kliemt,10 B. Kloss,22 O. B. Kolcu,40b,h B. Kopf,4 M. Kornicer,42 A. Kupsc,50 W. Kühn,24 J. S. Lange,24 M. Lara,19
P. Larin,14 L. Lavezzi,49c,1 H. Leithoff,22 C. Leng,49c C. Li,50 Cheng Li,46,a D. M. Li,53 F. Li,1,a F. Y. Li,31 G. Li,1 H. B. Li,1
H. J. Li,1 J. C. Li,1 Jin Li,32 K. Li,13 K. Li,33 Lei Li,3,* P. R. Li,7,41 Q. Y. Li,33 T. Li,33 W. D. Li,1 W. G. Li,1 X. L. Li,33
X. N. Li,1,a X. Q. Li,30 Y. B. Li,2 Z. B. Li,38 H. Liang,46,a Y. F. Liang,36 Y. T. Liang,24 G. R. Liao,11 D. X. Lin,14 B. Liu,34
B. J. Liu,1 C. X. Liu,1 D. Liu,46,a F. H. Liu,35 Fang Liu,1 Feng Liu,6 H. B. Liu,12 H. H. Liu,1 H. H. Liu,16 H. M. Liu,1 J. Liu,1
J. B. Liu,46,a J. P. Liu,51 J. Y. Liu,1 K. Liu,39 K. Y. Liu,27 L. D. Liu,31 P. L. Liu,1,a Q. Liu,41 Q. J. Liu,3 S. B. Liu,46,a X. Liu,26
Y. B. Liu,30 Y. Y. Liu,30 Z. A. Liu,1,a Z. Q. Liu,22 H. Loehner,25 X. C. Lou,1,a,g H. J. Lu,17 J. G. Lu,1,a Y. Lu,1 Y. P. Lu,1,a
C. L. Luo,28 M. X. Luo,52 T. Luo,42 X. L. Luo,1,a X. R. Lyu,41 F. C. Ma,27 H. L. Ma,1 L. L. Ma,33 M.M. Ma,1 Q. M. Ma,1
T. Ma,1 X. N. Ma,30 X. Y. Ma,1,a Y. M. Ma,33 F. E. Maas,14 M. Maggiora,49a,49c Q. A. Malik,48 Y. J. Mao,31 Z. P. Mao,1
S. Marcello,49a,49c J. G. Messchendorp,25 G. Mezzadri,21b J. Min,1,a T. J. Min,1 R. E. Mitchell,19 X. H. Mo,1,a Y. J. Mo,6
C. Morales Morales,14 N. Yu. Muchnoi,9,e H. Muramatsu,43 P. Musiol,4 Y. Nefedov,23 F. Nerling,10 I. B. Nikolaev,9,e
Z. Ning,1,a S. Nisar,8 S. L. Niu,1,a X. Y. Niu,1 S. L. Olsen,32 Q. Ouyang,1,a S. Pacetti,20b Y. Pan,46,a P. Patteri,20a
M. Pelizaeus,4 H. P. Peng,46,a K. Peters,10,i J. Pettersson,50 J. L. Ping,28 R. G. Ping,1 R. Poling,43 V. Prasad,1 H. R. Qi,2
M. Qi,29 S. Qian,1,a C. F. Qiao,41 L. Q. Qin,33 N. Qin,51 X. S. Qin,1 Z. H. Qin,1,a J. F. Qiu,1 K. H. Rashid,48 C. F. Redmer,22
M. Ripka,22 G. Rong,1 Ch. Rosner,14 X. D. Ruan,12 A. Sarantsev,23,f M. Savrié,21b C. Schnier,4 K. Schoenning,50 W. Shan,31
M. Shao,46,a C. P. Shen,2 P. X. Shen,30 X. Y. Shen,1 H. Y. Sheng,1 W.M. Song,1 X. Y. Song,1 S. Sosio,49a,49c S. Spataro,49a,49c
G. X. Sun,1 J. F. Sun,15 S. S. Sun,1 X. H. Sun,1 Y. J. Sun,46,a Y. Z. Sun,1 Z. J. Sun,1,a Z. T. Sun,19 C. J. Tang,36 X. Tang,1
I. Tapan,40c E. H. Thorndike,44 M. Tiemens,25 I. Uman,40d G. S. Varner,42 B. Wang,30 B. L. Wang,41 D. Wang,31
D. Y. Wang,31 K. Wang,1,a L. L. Wang,1 L. S. Wang,1 M. Wang,33 P. Wang,1 P. L. Wang,1 W. Wang,1,a W. P. Wang,46,a
X. F. Wang,39 Y. Wang,37 Y. D. Wang,14 Y. F. Wang,1,a Y. Q. Wang,22 Z. Wang,1,a Z. G. Wang,1,a Z. H. Wang,46,a
Z. Y. Wang,1 T. Weber,22 D. H. Wei,11 P. Weidenkaff,22 S. P. Wen,1 U. Wiedner,4 M. Wolke,50 L. H. Wu,1 L. J. Wu,1
Z. Wu,1,a L. Xia,46,a L. G. Xia,39 Y. Xia,18 D. Xiao,1 H. Xiao,47 Z. J. Xiao,28 Y. G. Xie,1,a Yuehong Xie,6 Q. L. Xiu,1,a
G. F. Xu,1 J. J. Xu,1 L. Xu,1 Q. J. Xu,13 Q. N. Xu,41 X. P. Xu,37 L. Yan,49a,49c W. B. Yan,46,a W. C. Yan,46,a Y. H. Yan,18
H. J. Yang,34,j H. X. Yang,1 L. Yang,51 Y. X. Yang,11 M. Ye,1,a M. H. Ye,7 J. H. Yin,1 Z. Y. You,38 B. X. Yu,1,a C. X. Yu,30
J. S. Yu,26 C. Z. Yuan,1 Y. Yuan,1 A. Yuncu,40b,b A. A. Zafar,48 Y. Zeng,18 Z. Zeng,46,a B. X. Zhang,1 B. Y. Zhang,1,a
C. C. Zhang,1 D. H. Zhang,1 H. H. Zhang,38 H. Y. Zhang,1,a J. Zhang,1 J. J. Zhang,1 J. L. Zhang,1 J. Q. Zhang,1
J. W. Zhang,1,a J. Y. Zhang,1 J. Z. Zhang,1 K. Zhang,1 L. Zhang,1 S. Q. Zhang,30 X. Y. Zhang,33 Y. Zhang,1 Y. H. Zhang,1,a
Y. N. Zhang,41 Y. T. Zhang,46,a Yu Zhang,41 Z. H. Zhang,6 Z. P. Zhang,46 Z. Y. Zhang,51 G. Zhao,1 J. W. Zhao,1,a J. Y. Zhao,1
J. Z. Zhao,1,a Lei Zhao,46,a Ling Zhao,1 M. G. Zhao,30 Q. Zhao,1 Q.W. Zhao,1 S. J. Zhao,53 T. C. Zhao,1 Y. B. Zhao,1,a
Z. G. Zhao,46,a A. Zhemchugov,23,c B. Zheng,47 J. P. Zheng,1,a W. J. Zheng,33 Y. H. Zheng,41 B. Zhong,28 L. Zhou,1,a
X. Zhou,51 X. K. Zhou,46,a X. R. Zhou,46,a X. Y. Zhou,1 K. Zhu,1 K. J. Zhu,1,a S. Zhu,1 S. H. Zhu,45 X. L. Zhu,39
Y. C. Zhu,46,a Y. S. Zhu,1 Z. A. Zhu,1 J. Zhuang,1,a L. Zotti,49a,49c B. S. Zou,1 and J. H. Zou1
PRL 118, 112001 (2017) P HY S I CA L R EV I EW LE T T ER S
week ending
17 MARCH 2017
0031-9007=17=118(11)=112001(7) 112001-1 © 2017 American Physical Society
(BESIII Collaboration)
1Institute of High Energy Physics, Beijing 100049, People’s Republic of China
2Beihang University, Beijing 100191, People’s Republic of China
3Beijing Institute of Petrochemical Technology, Beijing 102617, People’s Republic of China
4Bochum Ruhr-University, D-44780 Bochum, Germany
5Carnegie Mellon University, Pittsburgh, Pennsylvania 15213, USA
6Central China Normal University, Wuhan 430079, People’s Republic of China
7China Center of Advanced Science and Technology, Beijing 100190, People’s Republic of China
8COMSATS Institute of Information Technology, Lahore, Defence Road, Off Raiwind Road, 54000 Lahore, Pakistan
9G.I. Budker Institute of Nuclear Physics SB RAS (BINP), Novosibirsk 630090, Russia
10GSI Helmholtzcentre for Heavy Ion Research GmbH, D-64291 Darmstadt, Germany
11Guangxi Normal University, Guilin 541004, People’s Republic of China
12Guangxi University, Nanning 530004, People’s Republic of China
13Hangzhou Normal University, Hangzhou 310036, People’s Republic of China
14Helmholtz Institute Mainz, Johann-Joachim-Becher-Weg 45, D-55099 Mainz, Germany
15Henan Normal University, Xinxiang 453007, People’s Republic of China
16Henan University of Science and Technology, Luoyang 471003, People’s Republic of China
17Huangshan College, Huangshan 245000, People’s Republic of China
18Hunan University, Changsha 410082, People’s Republic of China
19Indiana University, Bloomington, Indiana 47405, USA
20aINFN Laboratori Nazionali di Frascati, I-00044 Frascati, Italy
20bINFN and University of Perugia, I-06100 Perugia, Italy
21aINFN Sezione di Ferrara, I-44122 Ferrara, Italy
21bUniversity of Ferrara, I-44122 Ferrara, Italy
22Johannes Gutenberg University of Mainz, Johann-Joachim-Becher-Weg 45, D-55099 Mainz, Germany
23Joint Institute for Nuclear Research, 141980 Dubna, Moscow region, Russia
24Justus-Liebig-Universitaet Giessen, II. Physikalisches Institut, Heinrich-Buff-Ring 16, D-35392 Giessen, Germany
25KVI-CART, University of Groningen, NL-9747 AA Groningen, The Netherlands
26Lanzhou University, Lanzhou 730000, People’s Republic of China
27Liaoning University, Shenyang 110036, People’s Republic of China
28Nanjing Normal University, Nanjing 210023, People’s Republic of China
29Nanjing University, Nanjing 210093, People’s Republic of China
30Nankai University, Tianjin 300071, People’s Republic of China
31Peking University, Beijing 100871, People’s Republic of China
32Seoul National University, Seoul, 151-747 Korea
33Shandong University, Jinan 250100, People’s Republic of China
34Shanghai Jiao Tong University, Shanghai 200240, People’s Republic of China
35Shanxi University, Taiyuan 030006, People’s Republic of China
36Sichuan University, Chengdu 610064, People’s Republic of China
37Soochow University, Suzhou 215006, People’s Republic of China
38Sun Yat-Sen University, Guangzhou 510275, People’s Republic of China
39Tsinghua University, Beijing 100084, People’s Republic of China
40aAnkara University, 06100 Tandogan, Ankara, Turkey
40bIstanbul Bilgi University, 34060 Eyup, Istanbul, Turkey
40cUludag University, 16059 Bursa, Turkey
40dNear East University, Nicosia, North Cyprus, Mersin 10, Turkey
41University of Chinese Academy of Sciences, Beijing 100049, People’s Republic of China
42University of Hawaii, Honolulu, Hawaii 96822, USA
43University of Minnesota, Minneapolis, Minnesota 55455, USA
44University of Rochester, Rochester, New York 14627, USA
45University of Science and Technology Liaoning, Anshan 114051, People’s Republic of China
46University of Science and Technology of China, Hefei 230026, People’s Republic of China
47University of South China, Hengyang 421001, People’s Republic of China
48University of the Punjab, Lahore-54590, Pakistan
49aUniversity of Turin, I-10125 Turin, Italy
49bUniversity of Eastern Piedmont, I-15121, Alessandria, Italy
49cINFN, I-10125 Turin, Italy
50Uppsala University, Box 516, SE-75120 Uppsala, Sweden




51Wuhan University, Wuhan 430072, People’s Republic of China
52Zhejiang University, Hangzhou 310027, People’s Republic of China
53Zhengzhou University, Zhengzhou 450001, People’s Republic of China
(Received 7 November 2016; published 14 March 2017)
We report the first direct measurement of decays of the Λþc baryon involving the neutron. The analysis is
performed using 567 pb−1 of eþe− collision data collected at
ﬃﬃ
s
p ¼ 4.599 GeV with the BESIII detector at
the BEPCII collider. We observe the decayΛþc → nK0Sπþ and measure the absolute branching fraction to be
BðΛþc → nK0SπþÞ ¼ ½1.82 0.23ðstatÞ  0.11ðsystÞ%. A comparison to B½Λþc → pðK¯πÞ0 provides an
important test of isospin symmetry and final state interactions.
DOI: 10.1103/PhysRevLett.118.112001
The ground-state charmed baryon Λþc decays eventually
into a proton or a neutron, each taking about half of the total
branching fraction (BF) [1]. However, to date no direct
measurement of the decay modes involving a neutron has
been performed. It has been argued that isospin symmetry
works well in the charmed baryon sector [2]. Comparing
BFs of the final states with a neutron to the final states
with a proton provides an important observable in testing
isospin symmetry in Λþc three-body decays [2]. The
decay Λþc → nK¯0πþ is the most favored decay of the Λc
involving a neutron. Under the isospin symmetry, its
amplitude is related to those of the most favored proton
modes Λþc → pK−πþ and Λþc → pK¯0π0 as AðnK¯0πþÞ þ
AðpK−πþÞ þ ﬃﬃﬃ2p AðpK¯0π0Þ ¼ 0. Hence, precise measure-
ment of the BF for Λþc → nK¯0πþ provide stringent tests on
the isospin symmetry in the charmed baryon decays by
examining this triangle relation.
Furthermore, study of Λþc → nK¯0πþ is important to
explore the decay mechanism of the Λþc , especially the
factorization scheme and the involved final state interaction
[2,3]. In the three-body Λþc decay to NK¯π, the total decay
amplitudes can be decomposed into two isospin amplitudes
of the NK¯ system as isosinglet (Ið0Þ) and isospin-one (Ið1Þ).
In the factorization limit, the color-allowed tree diagram, in
which the πþ is emitted and the NK¯ is an isosinglet,
dominates Ið0Þ, and Ið1Þ is expected to be small compared to
Ið0Þ as it can only proceed through the color-suppressed tree
diagrams. Though the factorization scheme is spoiled in
charmed meson decays, whether this scheme is valid in the
charmed baryon Λþc decays is of great interest to both
theorists and experimentalists and strongly deserves
experimental investigation. The measurement of BF for
Λþc → nK¯0πþ can validate or falsify this scheme. Together
with the Λþc → pðK¯πÞ0, the Λþc → nK¯0πþ can be used to
determine the magnitudes of the two isospin amplitudes
and their phase difference, which provides crucial infor-
mation on the final state interaction. In addition, high
statistics data will facilitate to understand the resonant
structures [4,5] in the three-body Λc decays and test the
SU(3) flavor symmetry [2]. Throughout the Letter, charge
conjugate modes are always implied.
This Letter reports on the observation of the final
states with a neutron Λþc → nK0Sπþ. The data analyzed
correspond to 566.93 0.11 pb−1 [6] of eþe− annihila-




4.599 GeV [7]. This energy is slightly above the mass
threshold of a Λþc Λ¯−c pair, at which Λþc Λ¯−c are produced in
pairs and no additional hadron is kinematically allowed.
The analysis technique in this work, which was first applied
in the Mark III experiment [8], is specific for charm hadron
pairs produced near threshold. First, we select a data
sample of Λ¯−c baryons by reconstructing exclusive hadronic
decays, called the single tag (ST) sample. Then, we search
for Λþc → nK0Sπþ in the system recoiling against the ST
Λ¯−c baryons, called the double tag (DT) sample. In the final
state nK0Sπ
þ, the neutron is not detected, and its kinematics
is deduced by four-momenta conservation. The absolute BF
of Λþc → nK0Sπþ is then determined from the probability of
detecting the process Λþc → nK0Sπþ in the ST sample. This
method provides a clean and straightforward BF measure-
ment independent of the total number of Λþc Λ¯−c events
produced.
The BESIII detector is a cylindrical detector with a
solid-angle coverage of 93% of 4π that operates at the
BEPCII collider. It consists of a Helium-gas based main
drift chamber (MDC), a plastic scintillator time-of-flight
(TOF) system, a CsI (Tl) electromagnetic calorimeter
(EMC), a superconducting solenoid providing a 1.0 T
magnetic field, and a muon counter. The charged particle
momentum resolution is 0.5% at a transverse momentum of
1 GeV=c. The photon energy resolution in EMC is 2.5% in
the barrel and 5.0% in the end caps at energies of 1 GeV.
More details about the design and performance of the
detector are given in Ref. [9].
A GEANT4-based [10] Monte Carlo (MC) simulation
package, which includes a description of the detector
geometry and the detector response, is used to determine
the detection efficiency and to estimate potential back-
grounds. Signal MC samples of a Λþc baryon decaying only
to nK0Sπ
þ together with a Λ¯−c decaying only to the studied
tag modes are generated by the MC event generator KKMC
[11] using EVTGEN [12], including the effects of initial-state
radiation (ISR) [13]. Final-state radiation (FSR) off the
charged tracks is simulated with the PHOTOS package [14].
The Λþc → nK0Sπþ decay is simulated using a phase space
model since the two-body invariant mass spectra found in




data forMnπþ,MnK0S , andMK0Sπþ show no obvious structure.
To study backgrounds, inclusive MC samples consisting of
generic Λþc Λ¯−c events, DðsÞD¯
ðÞ
ðsÞ þ X production, ISR return
to the charmonium(-like) ψ states at lower masses, and
QED processes are generated. All decay modes of the Λc,
ψ , and DðsÞ as specified in the Particle Data Group (PDG)
[1] are simulated by the EVTGEN MC generator, while the
unknown decays of the ψ states are generated with
LUNDCHARM [15].
The ST Λ¯−c baryons are reconstructed using eleven
hadronic decay modes as listed in the first column of
Table I, where the intermediate particles K0S, Λ¯, Σ¯0, Σ¯−, and
π0 are reconstructed through their decays of K0S → π
þπ−,
Λ¯ → p¯πþ, Σ¯0 → γΛ¯ with Λ¯ → p¯πþ, Σ¯− → p¯π0, and
π0 → γγ, respectively.
Charged tracks are required to have polar angles within
j cos θj < 0.93, where θ is the polar angle of the charged
track with respect to the beam direction. Their distances of
closest approach to the interaction point (IP) are required to
be less than 10 cm along the beam direction and less than
1 cm in the perpendicular plane. Tracks originating from
K0S and Λ decays are not subjected to these distance
requirements. To discriminate pions from kaons, the
specific ionization energy loss (dE=dx) in the MDC and
TOF information are used to obtain particle identification
(PID) probabilities for the pion (Lπ) and kaon (LK)
hypotheses. Pion and kaon candidates are selected using
Lπ > LK and LK > Lπ , respectively. For proton identifi-
cation, information from dE=dx, TOF, and EMC are
combined to calculate the PID probability L0, and a charged
track satisfying L0p > L0π and L0p > L0K is identified as a
proton candidate.
Photon candidates are reconstructed from isolated clus-
ters in the EMC in the regions j cos θj ≤ 0.80 (barrel) and
0.86 ≤ j cos θj ≤ 0.92 (end cap). The deposited energy of a
neutral cluster is required to be larger than 25 (50) MeV in
barrel(end cap) region, and the angle between the photon
candidate and the nearest charged track must be larger than
10°. To suppress electronic noise and energy deposits
unrelated to the events, the difference between the EMC
time and the event start time is required to be within
(0, 700) ns. To reconstruct π0 candidates, the invariant mass
of the accepted photon pair is required to be within
ð0.110; 0.155Þ GeV=c2. A kinematic fit is performed to
constrain the γγ invariant mass to the nominal π0 mass [1],
and the χ2 of the kinematic fit is required to be less than 20.
The fitted momenta of the π0 are used in the further
analysis.
To reconstructK0S and Λ¯ candidates, a vertex-constrained
fit is applied to πþπ− and p¯πþ combinations, and the
fitted track parameters are used in the further analysis. The
signed decay length L of the secondary vertex to the IP is
also required to be larger than zero. The same PID
requirements as mentioned before are applied to the proton
candidate, but not to the π candidate. The invariant masses
Mπþπ− , Mp¯πþ , MγΛ¯, and Mp¯π0 are required to be within
ð0.485; 0.510Þ GeV=c2, ð1.110; 1.121Þ GeV=c2, ð1.179;
1.205Þ GeV=c2, and ð1.173; 1.200Þ GeV=c2 to select can-
didates for K0S, Λ¯, Σ¯0, and Σ¯− candidates, respectively.
For the ST mode p¯K0Sπ
0, the backgrounds involving
Λ¯ and Σ¯− are rejected by rejecting any event with
Mp¯πþ ∈ ð1.105; 1.125Þ GeV=c2 and Mp¯π0 ∈ ð1.173;
1.200Þ GeV=c2. For the ST modes of Λ¯πþπ−π− and
Σ¯−πþπ−, the backgrounds involving K0S and Λ as
intermediate states are suppressed by requiring
Mπþπ−∉ð0.480; 0.520Þ GeV=c2 and Mp¯πþ∉ð1.105;
1.125Þ GeV=c2.
The ST Λ¯−c signal candidates are identified using
the variable of beam constrained mass, MBCc2≡ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
E2beam − j~pΛ¯−c cj2
q
, where Ebeam is the beam energy and
~pΛ¯−c is the momentum of the Λ¯
−
c candidate. To improve the
signal purity, the energy difference ΔE≡ Ebeam − EΛ¯−c for
each candidate is required to be within approximately
3σΔE around the ΔE peak, where σΔE is the ΔE
resolution and EΛ¯−c is the reconstructed Λ¯
−
c energy. The
explicit ΔE requirements for the different modes are listed
in Table I. The yield of each tag mode is obtained from fits
to the MBC distributions in the signal region ð2.280;
2.296Þ GeV=c2, which is the same as in Ref. [16]. The
yields of reconstructed singly tagged Λ¯−c baryons are listed
in Table I. Finally, we obtain the total ST yield summed
over all 11 modes to be NtotΛ¯−c ¼ 14415 159, where the
error is statistical only.
Candidates for the decay Λþc → nK0Sπþ are selected
from the remaining tracks recoiling against the ST Λ¯−c
candidates. A pion with charge opposite to the ST
Λ¯−c is selected, and a K0S candidate is selected with the
same selection criteria as described above but without
the Mπþπ− mass requirement. If more than one K0S can-
didate is formed, the one with the largest decay length
significance L=σL is retained, where σL is the vertex
resolution of L.
TABLE I. ST modes, ΔE requirements and ST yields NΛ¯−c in
data. The errors are statistical only.
Mode ΔE (GeV) NΛ¯−c
p¯K0S [−0.025, 0.028] 1066 33
p¯Kþπ− [−0.019, 0.023] 5692 88
p¯K0Sπ
0 [−0.035, 0.049] 593 41
p¯Kþπ−π0 [−0.044, 0.052] 1547 61
p¯K0Sπ
þπ− [−0.029, 0.032] 516 34
Λ¯π− [−0.033, 0.035] 593 25
Λ¯π−π0 [−0.037, 0.052] 1864 56
Λ¯π−πþπ− [−0.028, 0.030] 674 36
Σ¯0π− [−0.029, 0.032] 532 30
Σ¯−π0 [−0.038, 0.062] 329 28
Σ¯−πþπ− [−0.049, 0.054] 1009 57
All tags 14415 159




Since the neutron is not detected, we use a kinematic
variable,
M2miss ≡ E2miss=c4 − j~pmissj2=c2;
to obtain information on the missing neutron, where Emiss
and ~pmiss are the missing energy and momentum carried by
the neutron, respectively, which are calculated by Emiss ≡
Ebeam − EK0S − Eπþ and ~pmiss ≡ ~pΛþc − ~pK0S − ~pπþ , where
~pΛþc is the momentum of the Λ
þ
c baryon, EK0S (~pK0S )
and Eπþ (~pπþ) are the energies (momenta) of the K0S and







, where pˆtag is the direc-
tion of the momentum of the ST Λ¯−c andmΛ¯−c is the nominal
Λ¯−c mass [1]. If the K0S and πþ from the decay Λþc →
nK0Sπ
þ are correctly identified, the M2miss is expected to
peak around the nominal neutron mass squared.
The scatter plot of Mπþπ− versus M2miss for the Λþc →
nK0Sπ
þ candidates in data is shown in Fig. 1, where a
cluster of events in the signal region is clearly visible.
According to MC simulations, the dominant backgrounds
are from the decays Λþc → Σ−πþπþ and Λþc → Σþπþπ−
with Σ → nπ, which have the same final state as signal.
These background events form a peaking background in
M2miss, but are distributed flat in Mπþπ− . Backgrounds from
non-Λþc decays are estimated by examining the ST candi-
dates in the MBC sideband ð2.252; 2.272Þ GeV=c2 in data,
whose area is 1.6 times larger than the background area in
the signal region.
To obtain the yield of Λþc → nK0Sπþ events, we perform
a two-dimensional unbinned maximum likelihood fit to the
M2miss and Mπþπ− distributions in both MBC signal and
sideband regions simultaneously. As verified with MC
simulations, we model the Mπþπ− and M2miss distributions
with a product of two one-dimensional probability density
functions, one for each dimension. The signal functions for
M2miss and Mπþπ− are both described by double Gaussian
functions. The peaking background in the M2miss distribu-
tion is described by a double Gaussian function with
parameters fixed according to MC simulations, and the
flat distribution in the Mπþπ− spectrum is described by a
constant function. The non-Λþc decay background is
modeled by a second-order polynomial function in the
M2miss distribution and a Gaussian function plus a second-
order polynomial function in the Mπþπ− distribution, in
which the parameters and the normalized background
yields are constrained by the events in MBC sideband in
the simultaneous fit. The fit procedure is validated by
analyzing a large ensemble of MC-simulated samples, in
which the pull distribution of the fitted yields is in good
agreement with the normal distribution. Projections of the
final fit to data are shown in Fig. 2. From the fit, we
obtain NobsnK0Sπþ
¼ 83.2 10.6, where the error is statistical
only.












þ decay, which does not include the branching
fraction forK0S → π
þπ−. For each ST mode i, the efficiency
ϵi
nK0Sπ
þ is obtained by dividing the DT efficiency ϵitag;nK0Sπþ
by the ST efficiency ϵitag. Weighting ϵ
i
nK0Sπ
þ by the ST yields
in data for each tag mode, we obtain εnK0Sπþ ¼




εnK0Sπþ , and BðK0S → πþπ−Þ [1] in Eq. (1), we obtain
BðΛþc → nK0SπþÞ ¼ ð1.82 0.23Þ%, where the statistical
error, including those from NobsnK0Sπþ
and NtotΛ¯−c is presented.
)4/c2 (GeVmiss2M
























































FIG. 2. Simultaneous fit toM2miss andMπþπ− of events in (a),(b)
the Λ¯−c signal region and (c),(d) sideband regions. Data are shown
as the dots with error bars. The long-dashed lines (blue) show the
Λþc backgrounds while the dot-dashed curves (pink) show the
non-Λþc backgrounds. The (red) solid curves show the total fit.
The (yellow) shaded area show the MC simulated backgrounds
from Λþc decay.




With the DT technique, the systematic uncertainties
from the ST side cancel in the branching fraction measure-
ment. The systematic uncertainties for measuring
BðΛþc → nK0SπþÞ mainly arise from the uncertainties of
PID, tracking, K0S reconstruction and the fit procedure.
Throughout this paragraph, all quoted systematic uncertain-
ties are relative uncertainties. The uncertainties in the
π PID and tracking are both determined to be 1.0% by
studying a set of control samples of eþe− → πþπ−πþπ−,
eþe− → KþK−πþπ−, and eþe− → pp¯πþπ− based on data
taken at energies above 4.0 GeV. The uncertainty in the
efficiency of K0S reconstruction is determined to be 1.5% by
studying the control samples of J=ψ → K∓K and
J=ψ → ϕK0SK
π∓. The uncertainty due to the fit procedure
is estimated to be 5.2%by varying the fit range, the shapes of
background and signal components, and the choice of
sideband regions. Besides these uncertainties mentioned
above, there are systematic uncertainties from the
quoted branching fraction for K0S → π
þπ− (0.1%), the
NtotΛ¯−c (1.0%) evaluated by using alternative signal shapes
in fits to theMBC spectra, theMC statistics (0.6%), the signal
MC model (1.3%) estimated by taking into account the
statistical variations in the Mnπþ , MnK0S , and MK0Sπþ spectra
observed in data. These systematic uncertainties are sum-
marized in Table II, and the total systematic error is
estimated to be 5.9% by adding up all the sources in
quadrature.




p ¼ 4.599 GeV with the BESIII detector, we report
the observation of the decay Λþc → nK0Sπþ. We measure
the absolute branching fraction for Λþc → nK0Sπþ,
BðΛþc → nK0SπþÞ ¼ ð1.82 0.23 0.11Þ%, where the
first uncertainty is statistical and the second is systematic.
This is the first direct measurement of aΛþc decay involving
the neutron in the final state since the discovery of the Λþc
more than 30 years ago. Quoting BðΛþc → pK−πþÞ and
BðΛþc → pK0Sπ0Þ measured by BESIII [17], it can be
found that the amplitudes of the above three decay
processes satisfy the triangle relation and validate the
isospin symmetry [2]. Besides, we obtain BðΛþc →
nK¯0πþÞ=BðΛþc → pK−πþÞ ¼ 0.62 0.09 and BðΛþc →
nK¯0πþÞ=BðΛþc → pK¯0π0Þ ¼ 0.97 0.16 [18], in which
the common uncertainties have been cancelled in the
calculation. According to Ref. [2], based on these ratios,
the strong phase difference of Ið0Þ and Ið1Þ is calculated to
be cos δ ¼ −0.24 0.08, which is useful to understand the
final state interactions in Λþc decays. Furthermore, the
relative size of the two amplitudes jIð1Þj=jIð0Þj is evaluated
to be 1.14 0.11, which indicates that the amplitude Ið1Þ
is not small as expected in the factorization scheme.
This is consistent with the behaviors in the charmed
meson decays [19]. These results will be essential inputs
for the study of other Λc decays in theory. Hence, the
measurement of the neutron mode in this work provides
the first complementary data to the previously measured
decays involving a proton, which represents significant
progress in studying the Λþc . The analysis method used in
this work can also be extended to study more decay modes
involving a neutron.
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